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ABSTRACT

Background and Objectives: Previously, risk factors for
bile duct injury have been identified as acute cholecystitis,
male gender, older age, aberrant biliary anatomy, and
laparoscopic cholecystectomy.

Methods: A retrospective analysis of the Nationwide In-
patient Sample from 1998 to 2006 was performed with an
inclusion criterion of cholecystectomy performed on hos-
pital day 0 or 1. Patient- and hospital-level factors poten-
tially associated with bile duct injury were examined by
logistic regression.

Results: A total of 377,424 cholecystectomy patients were
identified. There were 1124 bile duct injuries (0.30%), with
177 (0.06%) in the laparoscopic cholecystectomy group
and 947 (1.46%) in the open cholecystectomy group (P �
.001). On multivariate analysis, significant risk factors for
bile duct injury were male gender (odds ratio [OR], 1.21;
95% confidence interval [CI], 1.06–1.38; P � .006), age
�60 years (OR, 2.23; 95% CI, 1.61–3.09; P � .001), and
academic hospital status (OR, 1.37; 95% CI, 1.05–1.79; P �
.02). Acute cholecystitis was associated with a lower risk
of bile duct injury (OR, 0.67; 95% CI, 0.46–0.99; P � .044).

Conclusion: Independent risk factors for bile duct injury
included male gender, age �60 years, and academic hos-
pital status. Laparoscopic cholecystectomy, obesity, insur-

ance status, or hospital volume was not associated with an
increased risk of bile duct injury.
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INTRODUCTION

Each year, more than 400,000 patients undergo a chole-
cystectomy, most commonly to treat symptomatic chole-
lithiasis.1 Though reported to be uncommon, an iatro-
genic bile duct injury (BDI) during a cholecystectomy is a
serious complication associated with significant morbidity
and death.2–4 Reports in the early 1990s identified laparo-
scopic cholecystectomy (LC) as a risk factor for BDI.3,5–8

Several reasons for this phenomenon were cited, the most
common being the “learning curve” of a new and techni-
cally demanding skill.9 Subsequently, articles were pub-
lished describing recommended techniques to reduce BDI
during LC. Notable articles included reports by Hunter10

recommending the use of a 30° laparoscope and avoid-
ance of tenting; Strasberg,11 who advocated the use of a
“critical view” approach; and Kato et al.,12 who introduced
the “dome down” LC. Over the next 15 to 20 years, LC
became the standard of care and surgeon experience with
minimally invasive techniques increased dramatically. As
a result, there has been a significant reduction in the BDI
rate, from 0.5% in 1990 to 0.3% in 2009.4,7 By use of a large
population-based dataset, analyses were performed to
identify current risk factors for BDI. Specifically, a multi-
variate analysis was used to determine whether LC was
still a risk factor for BDI. We hypothesize that LC is no
longer a predictor of BDI based on the assumption that
many surgeons have already surpassed the learning curve.

METHODS

A 9-year retrospective analysis was performed of the Na-
tionwide Inpatient Sample (NIS) from 1998 through 2006.
The NIS was developed as part of the Healthcare Cost and
Utilization Project sponsored by the Agency for Health-
care Research and Quality, established by the federal
government. The NIS contains discharge records from
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1045 hospitals in 38 states, comprising almost 8 million
admissions per year. It is a systematically randomized
sample of 20% of all patients admitted to hospitals in the
United States.

The inclusion criterion was any record with cholecystec-
tomy as the primary procedure code (International Clas-
sification of Diseases, Ninth Revision [ICD-9] codes 51.22
[LC] and 51.23 [open cholecystectomy (OC)]) performed
on hospital admission day 0 or 1. Procedure codes for bile
duct repair (ICD-9 codes 51.36, 51.37, 51.39, 51.71, 51.72,
and 51.79) were used as a surrogate for BDI. Patient- and
hospital-level factors that were potentially associated with
BDI were examined by use of a multivariate analysis.
These included age, race, gender, morbid obesity (ICD-9
code 278.01), diagnosis of acute cholecystitis (ICD-9 code
87.50), performance of intraoperative cholangiography
(ICD-9 code 87.53), insurance status, academic hospital
status, year of procedure (as a surrogate for the impact of
time), and hospital annual volume of cholecystectomy.
The Charlson comorbidity index was used to adjust for the
impact of patient comorbid conditions on risk of death
and development of postoperative complications.

The Student t test (for continuous variables) and �2 test
(for nominal or categorical variables) were used for all
bivariate analyses. Adjusted analyses using multiple logis-
tic regressions were performed to determine the indepen-
dent impact of these variables on the risk of a BDI devel-
oping after cholecystectomy. Subset analyses were
repeated in patients with acute cholecystitis. All statistical
analyses were performed with Stata MP, version 10 (Stata-
Corp, College Station, TX, USA).

RESULTS

A total of 377,424 cholecystectomy patients were identi-
fied, of whom 312,522 (82.8%) underwent LC and 64,902
(17.2%) underwent OC. Demographics of these patients
are shown in Table 1. The mean age at presentation was
51 years, and 70.0% of patients were women. Morbid
obesity was a comorbid diagnosis for 2.3% of cholecys-
tectomy patients, with a slightly higher percentage (3.9%)
diagnosed with acute cholecystitis. Represented ethnici-
ties were white patients (70.8%), black patients (8.2%),
Hispanic patients (15.7%), and patients of other ethnicities
(5.3%). Intraoperative cholangiography was performed in
23.5% of the study population. The overall BDI rate was
0.30% (n � 1124). Table 2 shows the bivariate (unad-
justed) analysis by intervention (OC vs LC). Patients who
underwent OC were significantly older than those under-
going LC (58.4 years vs 50.0 years, P � .001), with an

associated increase in length of stay compared with LC
patients (5.4 days vs 2.4 days, P � .001). Those more
likely to undergo OC were men (24.51% vs 14.12% of
women, P � .001), black patients (18.87% vs 17.55% of
white patients, P � .001), morbidly obese patients
(21.96% vs 17.08% of patients who were not morbidly
obese, P � .001), and patients with acute cholecystitis
(24.63% vs 16.90% of patients without acute cholecystitis,
P � .001). Figure 1 shows the increasing proportion of LC
compared with OC over the study period.

The bivariate analysis of risk of BDI is shown in Table 3.
Patients who had a BDI were significantly older than those
who had an uneventful cholecystectomy (59.3 years vs
51.4 years, P � .001). Those patients who had a BDI had
a longer length of stay than uninjured patients (8.1 days vs

Table 1.
Demographics of Patients Who Underwent Cholecystectomy

in NIS

Data

No. of patients 377,424

Median age, y 51

Mean LOS, d 2.8

Gender, n (%)

Male 112,951 (30.0)

Female 262,985 (70.0)

Ethnicity, n (%)

White 225,511 (70.8)

Black 25,963 (8.2)

Hispanic 49,887 (15.7)

Other 17,312 (5.4)

Inflammation, n (%)

Acute cholecystitis 14,650 (3.9)

No acute cholecystitis 362,774 (96.1)

Obesity, n (%)

Not morbidly obese 368,653 (97.7)

Morbidly obese 8,771 (2.3)

Intervention, n (%)

OC 64,902 (17.2)

LC 312,522 (82.8)

Year of surgery, n (%)

1998–2000 127,244 (33.7)

2001–2003 129,783 (34.4)

2004–2006 119,273 (31.9)
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2.9 days, P � .001). Men also had a higher incidence of
BDI compared with women (0.38% vs 0.27%, P � .001).
The proportion of OCs performed showed a statistically
significant decrease, from 19.5% in the initial 3 years of the
study to 15.1% in the past 3 years (P � .001). Furthermore,
during the same periods, there was a decrease in the

overall incidence of documented BDI (0.33% in 1998–
2000 vs 0.27% in 2004–2006, P � .02) (Figure 2).

The adjusted analysis for the risk of BDI is shown in Table 4.
Male gender (odds ratio [OR], 1.23; 95% confidence inter-
val [CI], 1.07–1.41; P � .003), age �60 years (OR, 2.31;

Figure 1. Proportion of cases performed by approach and year
of study.

Figure 2. Incidence of BDI.

Table 2.
Bivariate Analysis by Type of Intervention for Patients Who

Underwent Cholecystectomy in NIS

OC LC P Value

No. of patients (%) 64,902 (17.20) 312,522 (82.80)

Mean age, y 58.4 50.0 �.001

Mean LOS, d 5.4 2.4 �.001

Gender, n (%) �.001

Male 27,679 (24.51) 85,272 (75.49)

Female 37,136 (14.12) 225,849 (85.88)

Ethnicity, n (%) �.001

White 39,580 (17.55) 185,931 (82.45)

Black 4,899 (18.87) 21,064 (81.13)

Hispanic 6,795 (13.62) 43,092 (86.38)

Other 2,795 (16.10) 14,517 (83.90)

Weight, n (%) �.001

Not morbidly obese 62,976 (17.08) 305,677 (82.92)

Morbidly obese 1,926 (21.96) 6,845 (78.08)

Inflammation, n (%) �.001

No acute
cholecystitis

61,293 (16.90) 301,481 (83.10)

Acute cholecystitis 3,609 (24.63) 11,041 (75.37)

Year of surgery, n (%) �.001

1998–2000 24,581 (19.32) 102,663 (80.68)

2001–2003 21,588 (16.63) 108,195 (83.37)

2004–2006 17,786 (14.91) 101,487 (85.09)

Table 3.
Bivariate Analysis by Injury for Patients Who Underwent

Cholecystectomy in NIS

BDI No BDI P Value

No. of patients (%) 1,124 (0.30) 376,300 (99.70)

Mean age, y 59.3 51.4 �.001

Mean LOS, d 8.1 2.9 �.001

Gender, n (%) �.001

Male 699 (0.38) 112,526 (99.62)

Female 425 (0.27) 262,286 (99.73)

Ethnicity, n (%) �.001

White 694 (0.31) 224,817 (99.69)

Black 67 (0.26) 25,896 (99.74)

Hispanic 110 (0.22) 49,777 (99.78)

Other 77 (0.44) 17,235 (99.56)

Weight, n (%) .071

Not morbidly obese 1,107 (0.30) 367,546 (99.70)

Morbidly obese 17 (0.19) 8,754 (99.81)

Inflammation, n (%) .051

No acute
cholecystitis

1,093 (0.30) 361,681 (99.70)

Acute cholecystitis 31 (0.21) 14,619 (99.79)

Intervention, n (%) �.001

LC 177 (0.06) 312,345 (99.94)

OC 947 (1.46) 63,955 (98.54)

Year of surgery, n (%) .02

1998–2000 423 (0.33) 126,821 (99.67)

2001–2003 375 (0.29) 129,408 (99.71)

2004–2006 266 (0.27) 119,007 (99.73)
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95% CI, 1.64–3.25; P � .001), and treatment received at a
teaching institution (OR, 1.35; 95% CI, 1.04–1.76; P �
.026) were all associated with increased odds of BDI. LC,
however, was not an independent predictor of BDI. Other
factors (ethnicity, obesity, insurance status, diagnosis of
acute cholecystitis, and hospital volume) were also not
associated with the risk of BDI.

Table 5 shows the multivariate logistic regression for
increased odds of death after cholecystectomy in patients.
Again, male gender (OR, 1.29; 95% CI, 1.14–1.45; P �
.001) and age �60 years (OR, 7.90; 95% CI, 4.31–14.47;
P � .001) were independently associated with an in-
creased odds of death. Other predictors of death were the

diagnosis of acute cholecystitis (OR, 2.32; 95% CI, 1.90–
2.83; P � .001) and presence of BDI (OR, 2.37; 95% CI,
1.36–4.12; P � .001).

DISCUSSION

This study showed that BDI was significantly associated
with male gender, age �60 years, and treatment received
at a teaching institution. LC and a diagnosis of acute
cholecystitis, however, were not associated with increased
odds of BDI. The increased risk of BDI in men could not
be explained in our study. This may reflect socioeconomic
influences that are difficult to discern from a large data-
base review. Despite numerous studies showing the dif-

Table 4.
Multivariate Logistic Regression for Risk of BDI Among

Patients Who Underwent Cholecystectomy in NIS

OR 95% CI P Value

Age

�25 y 1.00 Referent

25–40 y 1.01 0.69–1.47 .970

40–60 y 1.20 0.84–1.71 .308

�60 y 2.31 1.64–3.25 �.001

Gender

Female 1.00 Referent

Male 1.23 1.07–1.41 .003

Ethnicity

White 1.00 Referent

Black 0.94 0.72–1.23 .649

Hispanic 0.94 0.73–1.20 .612

Other 1.01 0.33–3.05 .991

Weight

Not morbidly obese 1.00 Referent

Morbidly obese 0.52 0.26–1.05 .068

Inflammation

No cholecystitis 1.00 Referent

Cholecystitis 0.70 0.47–1.04 .081

Insurance status

Uninsured 1.00 Referent

Insured 1.66 0.24–11.26 .604

Hospital factors

Non-teaching hospital 1.00 Referent

Teaching hospital 1.35 1.04–1.76 .026

Volume 1.00 1.00–1.00 .838

Table 5.
Multivariate Logistic Regression for Risk of Death Among

Patients Who Underwent Cholecystectomy in NIS

OR 95% CI P Value

Injury

No BDI 1.00 Referent

BDI 2.37 1.36–4.12 .002

Age

�25 y 1.00 Referent

25–40 y 1.12 0.58–2.18 .738

40–60 y 1.52 0.82–2.82 .182

�60 y 7.90 4.31–14.47 �.001

Gender

Female 1.00 Referent

Male 1.29 1.15–1.45 �.001

Ethnicity

White 1.00 Referent

Black 1.21 0.95–1.54 .123

Hispanic 0.87 0.70–1.08 .196

Other 0.78 0.26–2.31 .648

Weight

Not morbidly obese 1.00 Referent

Morbidly obese 0.72 0.43–1.19 .197

Inflammation

No cholecystitis 1.00 Referent

Cholecystitis 2.32 1.90–2.83 �.001

Hospital factors

Non-teaching hospital 1.00 Referent

Teaching hospital 1.07 0.93–1.23 .346

Volume 1.00 1.00–1.00 .076
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ferences in cancer13–16 and trauma17–20 care by socioeco-
nomic and insurance status, there was no indication that
insurance status impacted BDI rates. The increased risk of
BDI in teaching institutions may be associated with the
complexities of patients treated at these centers or the
learning curve associated with resident training (or
both).21,22

Interestingly, BDI was not associated with a diagnosis of
acute cholecystitis. In fact, there was a lower risk of BDI
with acute cholecystitis in both LC and OC subsets. Fur-
thermore, no significant decrease in the risk of BDI with
increasing hospital volume was found. This finding and
the fact that LC was not an independent risk factor for BDI
may also support the concept that the era of current
practice has surpassed the learning curve.

After we controlled for other factors, LC was shown to be
associated with a reduced risk of BDI. However, these
results should be interpreted against the backdrop of data
collection methodology for the NIS. First, the NIS does not
capture the repair of BDIs for patients who were diag-
nosed after discharge after their initial treatment. Because
the length of stay is shorter for LC over OC, it may be
possible that some of these (delayed diagnosis) BDI pa-
tients would be within the LC group. Furthermore, be-
cause the NIS does not code by intent of operation, if a
BDI was noticed during the initial operation and the
surgeon converted an LC to an open approach for repair,
the operation may be coded as an OC. Despite this fact,
the total number of BDIs decreased over time. The ad-
justed risk of death after cholecystectomy still echoed as a
risk factor for BDI, even after we controlled for the pres-
ence of such an injury and comorbid conditions in the
Charlson index. Male patients, patients aged �60 years,
and patients who had a BDI all showed an independent
increased risk of death. Although patients diagnosed with
acute cholecystitis were not found to be at an increased
risk of BDI, they were at an increased risk of death.
Variables not associated with an increased risk of death
included patient ethnicity, insurance status, morbid obe-
sity, hospital teaching status, and hospital volume.

Limitations to this study are those of any retrospective or
administrative-based study. As noted earlier, the only pa-
tients captured were those diagnosed with a BDI during
the same hospital stay. Any patients with a missed BDI
that was diagnosed during a subsequent hospitalization
would not have been included. Finally, a selection bias
existed with these data; those patients who underwent OC
likely did so because of safety considerations. These pa-
tients likely had anatomic or physiological barriers that

prohibited the surgeon from performing a safe LC and
therefore put them at higher risk for BDI during OC as
well. Despite these limitations, the results show that the
percentage of cholecystectomies performed laparoscopi-
cally has increased over the 9-year period of the study
whereas the rate of BDI has decreased over the same
period.

CONCLUSIONS

Male gender, age �60 years, and treatment in a teaching
hospital are all independent risk factors for BDI. Male
gender and age �60 years were also risk factors for death
after cholecystectomy. Having a BDI or being diagnosed
with acute cholecystitis was an additional independent
risk factor for death after cholecystectomy. LC, patient
ethnicity, insurance status, diagnosis of morbid obesity,
and patient hospital volume were not associated with
either risk of BDI or risk of death. In this study lapa-
roscopy was not found to be a risk factor for BDI during
cholecystectomy. The overall rate of BDI has decreased
over time, whereas the rate of LC has increased. These
results may reflect increased knowledge and experi-
ence with laparoscopic techniques, particularly LC. We
believe that the overall learning curve is diminishing as
resident teaching methods and experience in laparos-
copy improve.
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